This study determines how changes in electronic health record (EHR) 
Introduction
Delivering the highest quality care for patients with cardiovascular disease (CVD), the leading cause of death, is a major public health issue. In the United States, about 610,000 people die from CVD annually, which is 1 in every 4 deaths [1] . CVD was associated with nearly $330 billion in health care costs in 2014 [2] . About half of Americans (47%) have at least one of the CVD risk factors (i.e., high blood pressure, high cholesterol or smoking) [3] .
It is important to note that team-based hypertension management interventions in CVD care have demonstrated the largest effects in lowering blood pressure in contrast with other tested approaches to CVD care, such as patient education, clinician education, promotion of self-management, facilitated relay of clinical data, and financial incentives [4, 5] . On the basis of strong evidence of effectiveness, the Community Preventive Services Task Force recommends team-based care to improve blood pressure control, a risk factor for CVD [6] .
Team-based primary care is crucial for optimal CVD care delivery in view of the fact that it would take a single physician 7.4 hours per day to deliver all recommended preventive care in light of over 2700 clinical recommendations, as well as 10.6 hours per day to manage chronic disease patient panels [7] [8] [9] . The solution to the impossibility of effectively delivering care to the average size US primary care panel of 2300 patients by a single physician lies with high-functioning primary care teams, which allow all team members to share in clinical care for patients with CVD [10] [11] [12] [13] .
To jointly care for patients with CVD, teams rely on their communication in the Electronic Health Record (EHR) which supports primary care teams as learning complex systems and allows them adaptability and flexibility in dealing with high-uncertainty clinical situations observed in the delivery of CVD care.
In high-functioning primary care teams, health professionals rely on team communication and actions coordinated among team members which provide the foundation of high quality care [14] . At the start of a primary care visit with a patient, a nurse takes vitals and asks for a visit reason. In this interaction, the nurse seeks information from the patient and assesses health problems. The nurse needs to decide what information (i.e., facts, insights, experience) to share with other team members in the EHR. Other team members will need to reflect and create understanding of the current patient health status, as well as establish mutual expectations about future patient health status. The manner in which this knowledge transfer in the EHR occurs will play a significant role in problem identification, assessment, sense making, and care management for the patient [15] .
As has been documented in other complex systems outside of primary care (e.g., pilots and air traffic controllers, nuclear power plant operators) [16] [17] [18] [19] , data overload may overwhelm busy physicians with demands for time and cognitive resources. From this perspective, a physician, a nurse, a physician assistant, a medical assistant, a lab technician, and a receptionist could be as effective as their EHR dynamic interactions are. Communicating the right information to the right person at the right time is essential for high-performing teams. The relationship between EHR communication and quality of care is not trivial and it needs careful consideration.
Unfortunately, limited evidence exists on how patterns of team EHR communication contribute to quality of care and associated medical costs for patients with CVD. To put it differently, we lack clear understanding of how team EHR communication patterns relate to improvement or deterioration of CVD patient outcomes.
To fill this gap in the literature, our study investigates whether EHR communication patterns among primary care team members are associated with quality of care and associated medical cost for patients with CVD.
Methods

Study setting and design
The study data were drawn from 4 primary care clinics associated with a large health care system in southern Wisconsin. Practices invited to participate in the study were non-residency primary care clinics not involved in research or quality improvement initiatives at the time of inquiry. There were 2 urban, 1 suburban, and 1 rural primary care practices that agreed to participate in the study. The clinics have from 3 to 11 primary care providers (PCPs), defined as either a physician, nurse practitioner, or physician assistant, with average active patient panel sizes (at least 2 visits in the past 3 years) ranging from 987 to 1548 patients per PCP. The Institutional Review Board of the University of Wisconsin approved the study.
The study author initially introduced the study and provided study opt-out forms at an all-staff clinic meeting in the participating clinics. All physicians, physician assistants, nurse practitioners, registered nurses (RN), medical assistants (MA), licensed practical nurses (LPN), laboratory technicians, radiology technicians, clinic managers, medical receptionists, and other patient care staff were invited to participate. A trained researcher conducted a 30-minute face-to-face structured survey about team communication in the clinic. The survey included a questionnaire on face-to-face communication with the other patient care staff at the clinic. Using a clinic staff roster as an aid for memory recall, participants were asked to identify, for each other employee at their clinic, how frequently they communicated face-to-face about patient care. These responses were used to calculate the presence or absence of communication network ties between all study team members. Study participants also completed the Warr-Cook-Wall job satisfaction survey [20] . Full details on the questionnaire are available in an initial study report [21] . Study participants consented to an analysis of their electronic communication patterns via the EHR. Communication patterns were analyzed based on counts of messages between any two team members, not on the content of the EHR messages. The sums of dyadic pair messages were used to create a square, sociometric matrix for each team.
Clinical provider sample
Eligibility criteria included 18 years of age or older, ability to read and understand English, and employment at the study clinic in a patient care or patient interaction capacity. Participants received $10 for completing the study survey and were entered into a lottery drawing for $100 with a 1 in 4 chance of winning. In addition, the researchers donated $200 to a local community outreach program of the clinic's choice to study clinics with 90% subject participation. Over 97% (83 of 85 invited) of eligible participants took part in the study.
CVD patient panel sample
An EHR search linked primary care teams to their patients with cardiovascular disease age 21 and older seen by the team over the 18-month study period from July 1, 2013 to December 31, 2014. To ensure continuity of care, the active patient panel consisted of patients who had at least one visit with the PCP in the past 18 months, and at least 2 visits in the past 36 months. Patients with visits to multiple PCPs were assigned to the PCP whom they saw most frequently, or, in the case of a tie, to the PCP seen at the most recent visit. Cardiovascular disease diagnoses were determined by the presence of 2 validated ICD-9 codes for hypertension, congestive heart failure, coronary artery disease, heart attack, arrhythmia, cerebrovascular disease, or stroke (4010-4019, 42800-42802, 41401, 4300-4389, 4109, 42789) on 2 separate occasions within the past 3 years.
Team membership survey
To determine team membership, health professionals were asked to consider a team definition and indicate on a full clinic staff roster who is on their Page 4010 care team. The care team was defined as 'the smallest unit of individuals within the clinic that care for a specific patient panel.' Care team membership included a PCP (physician, nurse practitioner, or physician assistant) and all clinic employees who indicated on the survey that they belonged to that PCP's care team. Finally, any individual whom the PCP named as a care team member was also included in the care team.
Clinic staff members could be included on multiple care teams based on responses to the team membership question. For example, a nurse could indicate belonging to the care team of multiple PCPs. In this case, care team memberships would overlap as the nurse would be considered a member of each PCPled team.
The study sought to examine changes in team EHR communication structure that were not a direct result of staff turnover; teams with staff departures during the study were excluded from the analysis. The initial sample included 24 care teams. A total of 5 teams were excluded due to significant turnover during the study period. In two of the care teams, the physicians left the clinic during the 18-month followup. In the other 3 excluded care teams, team members who were involved in more than 25% of the team communications left the clinic. The sample size for the study after excluding teams with staff turnover during the 18-month study period was 19 primary care teams at 4 primary care clinics.
Team EHR communication
Electronic communication about patient care between team members is sent and received through the secure Epic (Epic Systems Corp., Madison, Wisconsin) EHR system employed at each study clinic. Each clinic employee is assigned an EHR message account for transmitting patient care information to other team members. A log file stores the sender and receiver for each EHR message sent. In this study, we extracted counts of EHR messages sent between each member to every other team members through the secure electronic messaging function (Inbox) of the EHR. A communication connection was deemed present between two team members if either of them sent an EHR message to the other person. These established communication connections created an EHR communication network which was presented as a sociomatrix for the study analysis [22] . Due to HIPAA constraints, other forms of electronic communication, such as email, Skype for Business, alerts/notes, and forwarded messaging to/from patients were not available for the analysis and were not analyzed, and as such are left to future research.
EHR communication between all members of the primary care team was extracted from the EHR log file by totaling the number of messages between each dyadic pair (a directed to-from pair of care team members) for each time period of the study. Message counts between team members were totaled for three 6 The analysis calculated the following measures: (1) the total number of messages sent within the team for each 6-month period; (2) the percentage of the team's messages sent to the study team PCP; and (3) the social network analysis measure of flow betweenness for the EHR team communication network [23, 24] . Flow betweenness is the amount of information which travels between team members indirectly, by going through another team member within the team, as opposed to being sent directly from person to person. Flow betweenness quantifies the number of times one node acts as a bridge along the shortest path between two other nodes. It has been introduced as a measure for quantifying the control of one individual on the communication between other members in a social network.
To calculate flow betweenness for the whole EHR communication network, the analysis begins by computing the flow betweenness for each vertex in the network. Vertex flow betweenness is the amount of message information transferred through the vertex i when the maximum flow of information is averaged over all pairs a and b in the network [25, 26] . Normalizing the individual flow betweenness in the network by the total number of messages transmitted yields the team-based measure of flow betweenness which can be expressed as a percentage.
EHR health utilization data for patients with cardiovascular disease
Number of emergency department (ED) visits and of hospital visit days for team patients with CVD were extracted from the EHR as utilization counts over the 18-month study period. Healthcare costs were calculated by applying average healthcare costs derived from published reports to health care utilization counts. An average cost of US$664 per emergency department visit and US$1628 per hospital day was applied to each recorded visit [27, 28] .
Patient age, gender, race/ethnicity, insurance status, tobacco use, and available EHR diagnoses of chronic conditions were drawn from the EHR to control for patient panel characteristic differences across study teams.
Statistical analysis
This study analysis examines the association between changes in team flow betweenness and changes in patient health care utilization and cost outcomes over time for the teams' patients with CVD. Flow betweenness changes were calculated as the difference in team flow betweenness between time period 3 and time period 2, and the difference in team flow betweenness between time period 2 and time period 1. Changes in flow betweenness were then modeled as predictors of changes in patient utilization and costs for the teams' patients with CVD using multilevel mixed effects modeling (MLME) [29] . The MLME analysis used a log link function for count outcomes (ED visits, hospital days) and a normal link function for medical costs. MLME nests patients by care teams and care teams within clinics to estimate the association between changes in flow betweenness and changes in cardiovascular disease outcomes while adjusting for team-level confounders, such as team size, average number of years in the clinic, average job satisfaction, and team face-to-face communication density, as well as clinic-level clustering. Density is the ratio of communication ties observed to the total number of possible network connections. In a dense network, information can flow quickly between team members. By using difference scores in the model, the analysis controls for omitted variables which are constant over time, such as the physical proximity of team members to each other in the clinic setting and the experience and training of the team. The analyses used Ucinet 6 [30] for constructing networks and obtaining social network measurements, and used HLM 7.0 [31] for constructing hierarchical models.
To control for differences in patient panel characteristics across teams, the study adjusted for patient age, gender, race/ethnicity, insurance status, tobacco use, and available EHR diagnoses of chronic conditions referenced in the U.S. Centers for Medicare and Medicaid Services Chronic Condition Warehouse (e.g., asthma, cancer, chronic kidney disease, chronic obstructive pulmonary disease, depression, osteoarthritis, osteoporosis, rheumatoid arthritis) or in the Charlson Comorbidity Index (e.g., dementia, peptic ulcer disease). The Charlson Comorbidity Index was also included to adjust for potential confounding by multiple simultaneous chronic conditions [32] .
Results
This study included 19 primary care teams from 4 primary care clinics. A total of 83 health professionals participated in the study ( The teams' panels of patients with CVD consisted of 5,154 patients. Over half of the patients were women (55%), most were non-Hispanic white (92%), and most had access to private insurance (53%) or Medicare (39%). Comorbidities were common among the patients, with 10% diagnosed with asthma and 23% diagnosed with diabetes. EHR records showed that patients had on average 0.2 emergency department visits and 0.5 hospital visit days per 6 months. Acute medical care costs averaged US$983 per patient per 6 months.
As seen in Table 2 , the number of EHR messages sent between team members averaged 4,099 messages in a 6-month period. Over 80 percent of EHR messages were sent from a team member to the PCP. Team flow betweenness averaged 4.6%, indicating that just under 5 percent of information in the EHR network was passed indirectly (e.g., forwarded message) from one team member to another before reaching its final destination. Table 3 presents results from MLME evaluation of change in EHR team communication pattern (i.e., change in flow betweenness) in relation to change in frequencies of EHR-documented patient ED visits and hospital days and associated health care costs, while adjusting for team size, team-level face-to-face communication density (percentage of the communication ties present in the team divided by all possible ties which could be present), average number of years in the clinic among team members, average job satisfaction among team members, and patientlevel confounding (age, gender, race/ethnicity, medical insurance, tobacco use, chronic disease, Charlson Comorbidity Index). The results show that increases in team EHR flow betweenness (e.g., message forwarding) were associated with increased patient emergency department visits, more hospital days and higher associated medical costs. For every 1 percentage point increase in team EHR flow betweenness, there was a corresponding 2.7% (SE 1.2%) increase in emergency department visits per patient per 6 months, 7.4% (SE 3.4%) more hospital days, and $141 (SE $67) higher medical costs per patient per 6 months. Baseline team face-to-face communication density was not associated with changes in health care utilization or cost. 
Discussion
This study evaluates the connection between EHR communication among primary care team members and ED visits and hospital stay days and associated medical costs for the patients with CVD. Our findings demonstrate that variations in EHR team communication are associated with statistically significant differences in ED visits and hospital stay days for the patients with CVD.
Our results show that patients with CVD experienced better care if their care team engaged in fewer indirect EHR connections to share patient care information. This finding demonstrates that CVDrelated care outcomes may depend on the timeliness of passing patient care information to the appropriate team member via shortest path in the EHR communication network.
In contrast, teams that forwarded EHR messages more often than other teams and shared patient care information indirectly among team members had more ED visits and longer hospital stay days for their patients with CVD. It is conceivable that these teams may have insufficient and incomplete understanding of unfolding situations if the team members rely on indirect EHR communication to reach the right recipient. Indirect EHR communication may also suggest that the team members may not rely efficiently on face-to-face communication to problem solve the issues at hand in the context of clinical uncertainty. A study key informant highlighted the importance of fewer EHR connections to guard against cognitive overload: "People get so overwhelmed with all the emails that they, they blow by them, don't read them and that communication, important information, is lost."
In addition, indirect EHR communication patterns among team members may demonstrate a lack of team cognition which is cognitive information processing on the part of the team (e.g., team-level problem-solving, sense-making). The link between team cognition and team functioning is well-established in the literature [34, 35] . Team cognition (i.e., team shared understanding of the capabilities of each team member, who is good at what, who should be assigned what at what time) allows a team to be more than the sum of its parts, affords teams flexibility and adaptability and enables teammates to relate to each other and to newly emergent information in the process of task performance. A study key informant emphasized that overreliance on EHR messaging is detrimental for team cognition: "I think we communicate so much through the electronic medical record that we forget to be human and interact that way." Future studies may wish to explore if EHR communication patterns could be indicative of team functioning as a team.
Furthermore, our results indicate that primary care teams are complex learning healthcare systems driven by dynamic interactions among the team members who engage with each other and relate to their environment in nonlinear fashion, who self-organize their collective efforts in the process of CVD care delivery, resulting in unpredictable, emergent creative sense-making team behavior rather than adhere to a linear set of prescribed processes [36, 37] . From this vantage point, to raise CVD-related care delivered by complex learning healthcare systems such as primary care teams, we need to promote changes in EHR communication among all team members. Future studies may wish to explore further how EHR communication patterns could be optimized to gain highest quality of CVD care at lowest medical costs.
Notably, a consideration should be given to a range of sociotechnical issues associated with the effectiveness of EHR use for CVD-related care among team members, such as EHR interface design and fit of EHR capabilities with clinical workflow and clinician CVD-related communication needs. A sociotechnical systems approach to designing CVD care assisted EHR will support team cognition in the clinical context of workload, team member roles and shared responsibilities, and workflow [38] . Achieving such an EHR design requires studying team members and their interactions in the clinical context and environment of shared roles and responsibilities in CVD team care model with a purpose of developing a deep understanding of the team shared decision making involved in CVD care delivery. Future studies may choose to take a sociotechnical systems approach [39] [40] [41] to EHR design capable of supporting CVD-related care communication among team members.
To summarize, our study results suggest that better understanding of EHR communication among team members may allow raising quality of care for patients with CVD at low cost. EHR communication in teams may also serve as an indicator of team cognitive ability to process information and act upon it at the team level (i.e., team cognition) which has been linked to team performance outcomes [42] . Improving EHR communication patterns among team members may be a low-hanging fruit which could help raise CVD patient outcomes without significant amounts of additional investment, as EHR adoption and implementation is underway in primary care clinics nationwide.
Limitations
Page 4015 The study should be viewed in light of its limitations. First, this study does not support a causal pathway between team EHR communication among team members and health care utilization and associated medical costs for patients with CVD due to endogeneity concerns of the data. Experimental study designs are needed to uncover the causal mechanisms between team EHR communication patterns and CVDrelated patient care. Second, the study data come from 4 practices in the Midwest, so the results may not be generalizable to a broader national context. Third, the study looked only at frequency of EHR communication among team members and did not evaluated communication content, clinical care context or timeliness of information sharing among team members. Future research is needed to directly address the link between team EHR communication patterns and quality of CVD care delivery. Finally, the study did not investigate why different team members choose a particular mode of communication (i.e., face-to-face vs EHR) to coordinate patient care.
Conclusions
This study highlights that EHR communication among team members is associated with CVD care outcomes and associated medical costs in primary care. Patients with CVD may experience better quality of care if their primary care teams engage in a focused EHR communication among team members characterized by timely, frequent EHR communication between the appropriate teammates, which discourages message forwarding of patient care related information among team members.
